4 98105 5 Harold P. Batchelder, College of Earth, Ocean and Atmospheric Sciences, Oregon State 6 University, Corvallis, OR, 97331 7 *szabo@alaskawhalefoundation.org 8 Running Head: Southeast Alaska euphausiids 9 ABSTRACT 12 Abundance, size and development stage data for furcilia and juvenile euphausiids and data on 13 timing and prevalence of attached spermatophores on adult females are used to infer spawning 14 times by four euphausiid species in Frederick Sound and lower Stephens Passage, Southeast 15 Alaska. Results from net tows conducted between late May and September 2008 and a single, 16 opportunistic dip-net sample on 21 April indicate that Thysanoessa raschii and T. longipes 17 spawned in association with the spring phytoplankton bloom and continued spawning until June, 18 with juveniles first appearing in mid-late June. Presence of female T. spinifera carrying 19
INTRODUCTION
the transfer of primary production to higher trophic levels (Pinchuk & Hopcroft 2006, Falk-48 Petersen et al. 2000) , and are key prey for several species of cetaceans (Croll et al. 2005, 49 Friedlaender et al. 2006 , Laidre et al. 2010 , seabirds (Hunt et al. 1996, Abraham & Sydeman 50 4 Net tow samples were collected by vertically lowering a black-dyed, 0.75 m diameter 93 General Oceanics ring net with a 3:1 length-to-mouth ratio having 1 mm mesh to 100 m (or 94 within 5 m of the bottom where shallower). The cod-end was weighted to ensure that the net 95 back-flushed during its descent. Maximum net depth, limited by the sampling winch, was 96 verified using pressure data from a ReefNet Sensus Ultra dive recorder (accuracy of ±0.3 m) 97 attached to the net ring. The 100 m maximum was generally sufficient to ensure that the depth 98 of the maximum scatter of the acoustically-observed daytime scattering layer was within the net 99 sampled depth range during summer 2008 (Szabo 2012) . Echograms associated with each tow 100 revealed that the net tow failed to capture the peak backscatter layer in only 3% (n=5) of net 101 deployments. 102 We retrieved the net using a combination of vessel movement and wire retrieval in order to 103 obtain a net speed sufficient to capture immature euphausiids during the day. Estimated 104 densities are presumed to be biased low due to net avoidance and tow geometry, but the relative 105 abundance of euphausiids should be consistent from sample to sample. To avoid fouling the boat 106 propeller, the deployment fulcrum was mid-ship on the port side of the vessel, and the course for Contents from the net tow were preserved at-sea in a buffered 4% formalin solution for later 119 analysis. Samples were split using a Folsom plankton splitter to yield approximately 100 120 individuals of the most numerous euphausiid species in the smallest subsample. All euphausiids 121 within successively larger sub-samples were counted and identified to species until at least 100 122 individuals had been examined. Euphausiid length, from the base of the eye stalk to the end of 123 5 the telson, was recorded to the nearest 0.1 mm, and the number of terminal and postero-lateral 124 spines on the telson, and presence or absence of a petasma and/or attached spermatophore were 125 noted. Individuals having 2 or more postero-lateral spines and a telson that was not fully 126 developed were considered to be larvae and those with only 2 spines and a completely developed 127 telson were considered to be juveniles (Brinton et al. 2000) . To simplify analysis, larvae were 128 further classified into broad categories (that slightly change among species): early furcilia (>5 129 terminal spines), mid furcilia (5 terminal spines) and late furcilia (3 terminal spines). Calyptopis 130 larvae were comparatively rare relative to the abundant early furcilia. We assumed this resulted 131 from sampling bias due to them passing through the 1mm mesh, so we do not include pre-furcilia 132 life stages in the analysis to infer hatching periods as an approximation of the interspecific 133 spawning period. Individuals were considered adults if they had reproductive organs or were 134 clearly larger than the juvenile cohort. Females with spermatophore attached to the thelycum 135 was considered as a qualitative criterion that the species was mating and reproducing during the Sensus Ultra sensor ranged from 5.3°C -8.2°C, but did not vary significantly by survey period 150 (F = 0.501, p = 0.683). high abundances within those samples, but become less prevalent in later surveys ( Fig. 2 and 3 ).
155
Prior to mid-July, close to 100% of T. raschii were early furcilia; juvenile T. raschii first appear 156 in late June, increasing to ~70% a month later, with the remainder split nearly equally among the 157 three fucilia groups (Fig. 4 ). Juvenile T. longipes (4.2 -14.9 mm) were first observed in mid-
158
June, but furcilia predominated; by the final survey, nearly 100% of immature T. longipes were 159 juveniles (Fig. 4) . The size distribution of both species shifted to larger lengths in successive 160 surveys ( Fig. 4) . However, the size at which T. longipes transitioned from furcilia to juveniles 161 was smaller later in the season than it was in earlier surveys (8.1 mm in S2 versus 4.2 mm in S6).
162
Unlike T. rashii and T. longipes, E. pacifica were initially rare, but become increasingly 163 common in later surveys (Fig. 2) . Juvenile E. pacifica (5.8 -14.1 mm) were observed from late-164 June (S3) onwards; however, with few exceptions E. pacifica furcilia (all early) were observed 165 only in the final survey (S6). Immature T. spinifera were rarely observed, being found in only 3 166 samples collected between mid-July and mid-August and in comparably low abundances within 167 those samples. No larval T. spinifera were observed; juveniles (6.6 -14.6 mm) were observed 168 between mid-July and mid-August ( Fig. 4) .
169
There was a tendency for the abundance of all four species to decline in later surveys so that 170 abundances were lowest in the final survey ( Fig. 3a) ; however, this was only significant for T. 171 raschii (F=36.147, p<0.001) and T. longipes (F=7.122, p=0.013).
172
Only T. raschii, T. spinifera and E. pacifica were observed with attached spermatophores 173 (Table 2 ). There were notable differences in timing and prevalence of attached spermatophores 174 between the two Thysanoessa species and Euphasia pacifica (Fig. 3b ). Female T. raschii and T. Thysanoessa spinifera was the rarest euphausiid in the study area, which is consistent with 247 previous sampling in SE Alaska (Bryant et al. 1981 , Krieger & Wing 1986 ). Because of the 248 rarity of both immature and adult T. spinifera, it was not possible to identify the breeding pattern.
249
The presence of females carrying spermatophores in mid-April suggests that T. spinifera spawns 250 in spring in association with higher phytoplankton concentrations, which is similar to the other (Iverson et al. 1974 , Ziemann et al. 1991 .
268
The first appearance of larval E. pacifica in late August is consistent with a delayed, summer 269 spawning event; however, the appearance of juvenile E. pacifica in late June is not. potentially transition through the larval stages sooner than those in the inshore waters so that, by 289 late June, the cohort was dominated by juveniles.
290
This study provides evidence that the three Thysanoessa species have similar spawning 291 schedules that are coincident with the spring bloom in SE Alaska, whereas E. pacifica differs by 292 spawning primarily after the bloom. As well, the results suggest that T. spinifera and E. pacifica 293 populations in the inshore waters of SE Alaska may be supported by advection from the Gulf.
294
The role, if any, that advection plays in supporting inshore euphausiid populations in these 295 relatively narrow channels that dissect SE Alaska warrants further investigation. Overall, 296 phenology of seasonal reproduction in this Alaskan fjord is similar to that observed in coastal 297 waters in arctic and temperate ecosystems. (rows) reflect the start of each 20-day sampling block for surveys 2 through 6. 472
